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Silane reagents play important roles in many areas of organic synthesis. This is primarily 
due to the ability of silanes to bond to more ligands than the traditional four to become 
hypervalent (i.e. penta- or hexavalent). This hypervalency causes the silicon center to become 
more Lewis Acidic and causes the formation of carbon nucleophiles from organosilane ligands. 
These nucleophiles have been used to perform many cross-coupling reactions with organohalide 
reagents. The research presented in this thesis reports the utility of silane reagents in cross-
coupling reactions of Grignard reagents with alkyl halides. This cross coupling was desirable 
because the silane should act as a mediator, being reformed in the reaction process. Also, similar 
transformations mediated by metal catalysts suffer from poor reactivity, low yields, and 
undesired side reactions. Although the results from this study do not show marked improvement 
over couplings formed in the absence of silane reagents, analysis of the deficiencies of silane-
mediated cross-coupling reactions are made as well as proposals for future research. 
 The first indium trichloride catalyzed deoxygenative alkylations of alcohol derivatives 
using a step-wise reaction plan are reported herein as well as the first study of the possible chiral 
transfer in the transformation from a C-O bond to a C-C bond via InCl3 mediated alkylative 
deoxygenation upon the silyl ether derivatives of chiral alcohols. This chiral transfer was 
believed to take place because of a possible concerted mechanism. Results of this research 
indicated that chiral transfer does not occur in these types of reactions under the conditions 
explored due to the formation of a carbocation intermediate in the mechanism. The reactivity 
observed in the deoxygenative alkylations of a range of alcohols is similar to that of other non-
concerted substitution reactions such as preference for 2o, benzylic, and 3oalcohol precursor 
starting material. Based upon the discoveries made in this line of research, a reasonable 
mechanism for the InCl3-catalyzed deoxygenative alkylation of alcohol derivatives was found.  
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CHAPTER 1: INTRODUCTION 
1.1  History of Organosilane Compounds 
Silicon is an element which has received well-deserved attention over the last 100 years due 
to its notable reactivity as well as its numerable bonding possibilities. The large presence of 
common inorganic silicon-containing rock makes it readily available, although the study of 
organosilanes requires modification of the naturally occurring inorganic silicon.1 The formation 
of organosilanes was first studied by Friedel and Crafts in 1863 who reacted silicon tetrachloride 
with diethylzinc to form tetraethylsilane, the first organosilane.2  
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 The study of organosilanes was furthered by Kipping who studied the products formed 
from the reaction of silanes with Grignard reagents as shown in Scheme 1.2, opening a new 
world of possibilities for organic ligands on a silicon center.3  
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 Another important contribution to the field include those from Rochow and Müller, 
whose independent research yielded the “Direct Reaction” of elemental silicon with methyl 
chloride to form chlorosilanes, illustrated in Scheme 1.3.4  
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Scheme 1.3:  Direct Reduction of elemental silicon 
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 Although interest in the fields of organosilicon monomers and inorganic pure silicon is 
quite large, the focus of the research presented herein will be on the formation and reactivity of 
organosilanes and, in particular, hypervalent silanes.    
1.2  Characteristics of Hypervalent Silanes 
1.2.1 Comparison of Silicon to Carbon 
 In order to understand the reactivity of silanes, it is first necessary to look at the 
specifications of the element silicon. Silicon has an atomic number of 14, and is therefore 
directly beneath carbon on the periodic table. This position indicates a similarity in reactivity; 
however, this is only true of those organosilanes which have four organic substituents. Silanes 
bonded to heteroatoms or halides often exhibit different reactivity.1 Much like carbon, silicon is 
often found singly bonded to four other atoms using sp3 atomic orbital hybridization. For tetra-
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Figure 1.1: Structural geometries of tetracoordinated silicon and carbon 
At this point, many of the characteristics of silicon differ from those of carbon. For example, the 
atomic radius of silicon (1.06Å) is larger than the atomic radius of carbon (0.66Å), but the 
electronegativity of silicon is much less than that of carbon (1.74 and  2.50 respectively on the 
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Allred-Rochow Scale). The result of silicon’s lower electronegativity is that most ligands of 
silicon compounds have a higher electron withdrawing power than the central atom, creating a 
partial positive charge on the central silicon atom and partial negative charges on the surrounding 
ligands. Another effect is that any charge on a silane compound is delocalized among the 
ligands. Table 1.1 shows that most silane ligands have a higher electron withdrawing power than 
the silicon center.5 Visually this is represented in Figure 1.2 contrasting the location of partial 
charge of a C-H bond to a Si-H bond.  















Figure 1.2: Partial charge distribution in C-H and Si-H bonds  
The most vital difference between carbon and silicon for this discussion is that silicon can 
participate in hypervalent bonding by bonding to five or six ligands.  
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1.2.2 History of Hypervalent Species 
  The concept of hypervalent molecules was first put forth by Musher and defined as a 
class of molecules or ions which are formed from elements bound to a greater number of ligands 
than indicated by their lowest stable valence.6 While Musher was primarily concerned with 
compounds such as PCl5, (CH3)2SO, and HClO4 (compounds having central atoms in Groups V – 
VIII), he addressed the problem with defining these compounds as having expanded octets 
involving hybridization of d orbitals.6 Classic definition of the Valence Shell Electron Pair 
Repulsion (VSPER) model states that an atom such as silicon with valence electrons 3s23p2 will 
form four sp3 hybridized atomic orbitals in order to make four σ bonds to four ligands, each with 
single unpaired electrons. In order to bond to an additional ligand, it is theorized that Si will 
promote a lower-lying electron into an unoccupied, higher-energy d orbitals to form five 









Figure 1.3: Atomic orbital geometries of tetracoordinate and hypervalent pentacoordinate species 
  Many have recognized that the classical definition works well for compounds with 
normal valencies but not for hypervalent compounds. This is because in order to promote a low-
lying ns or np electron to an nd orbital, a large amount of excitation energy is required, making 
the hybridization energetically unfavorable. Also, in non-metals, d orbitals are highly diffuse and 
heavily shielded by low lying s and p orbitals, resulting in poor overlap with neighboring atomic 
orbitals.7 With the development of computers able to calculate the possible positions of electrons 
in small molecules, physicists were able to judge whether d-orbital participation was probable.8 
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Ab initio molecular orbital calculations on some species considered hypervalent, i.e. PCl5(14), 
PF5 (15), F3-(16)etc. Using basis sets both including and excluding the higher-lying atomic 
orbitals d and f indicated that the compounds were stable without the inclusion of these orbitals.8 
For hypervalent silane species, calculations did indicate that  d-orbital populations are existent, 
but to a small extent.8,9 In fact, the populations are so small, that the data does not indicate that d-
orbitals are involved in bond hybridization.10, 11 While the actual role of these d-orbitals is still 
under speculation, several theories have so far been presented. The most common argument is 
that the d-orbitals are required because of the greater polarizability of the second row elements in 
comparison to the first row elements, and thus d-orbitals behave as polarization functions.12 A 
second theory states that the d-orbital occupation is the result of π backbonding with ligand lone-
pairs.11 While either explanation is possible, none have to date been proven conclusively.  
1.2.3  The Three Center Four Electron Bond (3c-4e) in Hypervalent Compounds 
In light of this data, the dsp3 hybrid explanation for hypervalent bonding of phosphorous 
and silicon has been called “inaccurate and misleading at worst”.13 Pimentel and Rundle re-
examined the VSPER model to explain the behavior of hypervalent molecules formed with non-
metallic centers. Their idea was a new type of bonding behavior, the three center – four electron 
bond (3c-4e).14 A 3c-4e bond is defined as an elongated, linear, electronically delocalized 
arrangement of two electronegative ligands on a central atom. 3c-4e bonds are commonly 
explained as a delocalized σ bond. An important restriction on the definition is that the bonding 
behavior must not break the octet rule, which states that an atom can only experience eight 
valence electrons at any time, either bound or non-bound. This type of bonding is usually formed 
by the overlap of an unhybridized p orbital on the central atom and two terminal ligand orbitals.7 
This bonding behavior was first used to describe species such as [HF2]- and [I3]-, but it can also 
be applied to more complicated compounds such as PCl5 (14) and [SiF5]- (17). A simple example 
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of the 3c-4e bond is the case of [F3]- (16). Even though this molecule is very unstable, a 
molecular orbital model was successfully calculated by Cahill using the TZP/ACCD (SCF) 
method.11 The bond angle for this molecule has been measured at 180.0o, and the bond length 
between F atoms is 1.70 Å, which is 20% longer than the 1.412 Å bond length of an F2 molecule. 
This is in agreement with the definition of 3c-4e bonds as elongated and linear. The terminal 
fluorine atoms hold a charge of –0.51 each, whereas the central fluorine holds a +0.03 charge, 
and comparison of energetics of the difluorine/fluoride ion system, [F2 + F-], moving to the 
hypervalent trifluoride, [F3]-(16), shows a decrease of 11 kcal/mol, proving the stabilization 
effect of the 3c-4e bond.15 A graphical description of this compound as well as a diagram of the 
molecular orbitals involved in this bond is given in Figure 1.4.   
F F F
δ− δ+ δ−  
                                                                 16 
Figure 1.4: Atomic and molecular orbital arrangement for [F3]- 
 In Figure 1.4, 2p orbital overlap between one of the terminal atoms and the central 
F atom results in a σ bond, forming a bonding and an anti-bonding molecular orbital, while the 
second terminal F atom donates its two valence electrons into the non-bonding molecular 
orbital.10  
Another method of visualizing the 3c-4e bond is represented in Scheme 1.4. This scheme 
represents the existence of two resonance states which together make up the final structure of the 
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molecule. This visualization is reasonable from the increased electron density on the fluoride 
atoms and the decreased electron density on the silicon center as well as the decrease in energy 
of the compound which is associated with resonance state formation. 
Scheme 1.4: Resonance States of [F3]- (16) 
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It should now be relatively simple to apply the same molecular orbital theory to more 
complicated models. Closer analysis of hypervalent compounds such as PF5 will lead to 
understanding of the bonding characteristics hypervalent silane species. As illustrated in Figure 
1.5, PF5 (15), is a trigonal bipyrimidal molecule with three sp2 hybridized phosphorous atomic 













                                                        15                             17  
Figure 1.5: Atomic orbital geometries for PF5 (15) and [SiF5]- (17) 
The apical bond in Figure 1.5 is the location of the 3c-4e bond, and it is also the location 
of the unhybridized p orbital.  The apical bond in PF5 has been measured at 1.577 Å, while the 
equatorial bonds have been measured at 1.534 Å. 
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Figure 1.6 gives an approximation of the molecular orbital diagram for the 3c-4e bond, as 
envisioned by Akiba. This is made up of the two terminal ligands, (1) and (2), and the central 










Figure 1.6:  Molecular orbital diagram for the apical ligands of 15 ( A.F. Akiba et.al.15) 
Ligand (1)’s 2pz atomic orbital overlaps well with the 3pz orbital of the central atom, resulting in 
one bonding and one anti-bonding molecular orbital. Ligand (2)’s 2pz orbitals cannot overlap 
with the 3pz orbitals of P without breaking the octet rule. Therefore, the electrons from this 
atomic orbital enter a non-bonding molecular orbital.15  This way, it is possible to bond three 
atoms using only two electrons in a bonding orbital and two electrons in a non-bonding orbital. 
1.3  Silicon-centered Hypervalent Species 
1.3.1  Degrees of Hypervalency  
 With the recent successful syntheses of hypervalent silanes, researchers have found two 
degrees of hypervalency of silanes: pentavalent silanes, having five ligands, and hexavalent 
silanes, having six ligands. Pentavalent silanes involve three covalent bonds and one 3c-4e bond 
organized in a trigonal bipyrimidal geometry.16 Hexavalent silanes involve two covalent bonds 
and two 3c-4e bonds with an octahedral geometry. As illustrated below, 3c-4e bonds must be 
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linear, and therefore will occupy an appropriate linear position in each geometrical projection, as 




Figure 1.7:  Geometries of three center – four electron bonds in hypervalent species (C. F. 
Alekseev, et.al.17) 
1.3.2 Structure and Bonding of Hypervalent Silanes 
Measurements by X-ray analysis of compounds synthesized with both valencies, [SiF5]-
(17) and [SiF6]-2 (18) concur with the claim that it possible to form hypervalent silane species. 
Table 1.2 lists the X-ray determined bond lengths as well as the Mulliken charges on each atom 
of the tetra-, penta-, and hexavalent fluorinated silane compounds.  
Table 1.2:  Bond lengths and charge distribution on hypervalent silanes 
Compound Mulliken Chargea 
Si /Axial F / Equatorial F 
Bond Length (Å) 

























2.940    /    -0.490 168.5 (2F); 168.6 (2F) /166.8 (2F)b 
a calculated using the CNDO/2 method19,20 b when paired with counter-ion N2H621 
1.3.3 Formation of Hypervalent Silanes 
           Methods of forming hypervalent silanes commonly take two main forms: addition of an 
anion, i.e. F-, RO-, H-, to a tetra- or pentavalent silane, and inter- or intramolecular coordination 
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of a neutral electron donor to a tetravalent silane.22 When adding an anion to a silane, the identity 
of the previously coordinated substituents as well as that of the additional ligand determines the 
stability of the compound. An example of this type of formation is shown in Scheme 1.5.  
















                              20                          21                                             22 
  A general rule is that the more electron-withdrawing ligands (OR, NR2, or X) on a tetra-
coordinated silane, the easier it is for that silane to become hypervalent. A tetrasubstituted silane 
will not form a stable hypervalent species, except under special circumstances. Neutral ligands 
are either already attached via a tether to the silicon center for the case of intramolecular 
coordination or freely associate to the Lewis Acidic silicon center for the intermolecular 
coordination case. The neutral ligands usually involved are ketones or tri-substituted amines 
which donate their unbonded electrons.24 An example of intramolecular neutral ligand addition is 
shown in Scheme 1.6.  









                                    23                     24                                                   25 
Intramolecular coordination is aided by the chelation effect, by bringing electron rich groups in 
close proximity to an electron poor center. 
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1.3.4 Reactivity of Hypervalent Silanes 
.  The research presented herein focuses on two aspects of hypervalent silane chemistry. 
First, the formation of carbon nucleophiles for carbon-carbon bond formation via hypervalent 
silane intermediates was explored. Second, research into indium trichloride-catalyzed 






CHAPTER 2. HYPERVALENT SILANES AND THEIR ROLE IN INTER- AND 
INTRAMOLECULAR COUPLING REACTIONS 
 
2.1  Introduction 
2.1.1  Non-catalyzed Heterocoupling of a Grignard Reagent with an Organohalide 
Formation of carbon-carbon bonds has become one of the most desired reactions in 
organic and inorganic chemistry. While there have been many successful methods of coupling 
two separate organic reagents by a carbon-carbon bond, non-transition metal catalyzed 
heterocoupling of a Grignard reagent with an organohalide (Scheme 2.1) is rarely seen. 
Scheme 2.1: Non-catalyzed coupling of a Grignard reagent with an organohalide 
R1MgBr R2Br R1 R2+  
                                                        6            26                     27 
Generally, there are two major cases of uncatalyzed heterocoupling reactions, and they 
are both concerned with the reactivity of the organic halide, the structure of the Grignard reagent 
being less important.25 The first major case is the reaction of short chain alkyl halides with a 
Grignard reagent. Generally, the most reactive species will be a methyl halide, expecially methyl 
iodide, and the reactivity will decrease with substitution, as shown in Scheme 2.2.26 Also shown 
in this scheme are the relative reactivities for halides as leaving groups. 
Scheme 2.2: Reactivity Trends for an alkyl halide 
Degree of Substitution of Alkyl Halide:     1o > 2o > 3o 
Halide Leaving Group:                          I > Br >> Cl >> F 
High reactivity                               Low Reactivity 
 
Examples of reactions in the first major case can be seen in Scheme 2.3.  
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Scheme 2.3:  Examples of nucleophilic substitution of an organohalide by a Grignard reagent27 
H3C I + MeMgBr H3C CH3
51%
 




                                        31                     32                                        33 
The second major case of uncatalyzed heterocoupling of a Grignard reagent with an organo-
halide is the use of allyl or benzyl halides and examples of these are shown in Scheme 2.4.  








                                         37                   38                                                39 
Uncatalyzed heterocoupling suffers from low yields and a limited range of use. The main 
problem with this type of reactivity is that the presence of a β-hydrogen on either the Grignard or 
the alkyl halide will cause a rival disproportionation to occur.27Another competing reaction is the 
metal-halogen exchange, which can cause homocoupling on the alkyl halide. The third problem 
which can arise is the Wurtz coupling side reaction, which is commonly associated with the 
formation Grignard reagents; this is a homocoupling of the organic groups in the Grignard 
reagent. These undesired side reactions are illustrated in Scheme 2.5. 
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Scheme 2.5:  Drawbacks to uncatalyzed heterocoupling of Grignard reagents with 
organohalides 
 
MeMgBr + Br + Me Me +  
                 
                29                           40                                41                 30                      42 
                                                     
                                                         Disproportionation     Wurtz          Metal-Halogen   
                                                                  Product            Coupling     Exchange Product 
2.1.2 Transition Metal Catalyzed Heterocoupling of a Grignard Reagent with an 
Organohalide 
 
Transition metal catalysts have been used to improve reaction yields and substrate range, 
yet each catalyst has drawbacks. Besides cost, toxicity, and functional group tolerance, each 
catalyst used has only a range of substrates it will catalyze successfully. For example, iron (III) 
catalysts, will only catalyze the coupling of aryl and vinyl halides.28 Copper (I) and nickel (II) 
catalyzed coupling is only effective for enhancing the yields of couplings with primary alkyl 
halides, allylic, and benzylic halides.29,30 Finally, the use of a catalytic amount of silver (I) is 
extremely effective in homocoupling reactions only.31 Therefore, it is desirable to utilize a new 
and different type of catalyst to perform the transformation in Scheme 2.1 which will be low in 
cost, non-toxic, tolerant of most functional groups, and will increase the nucleophilicity of the 
organic portion of the Grignard reagent to the degree that the reactivity of the organohalide 
decreased in importance.  
2.1.3 The Role of Hypervalent Silanes in Coupling Reactions 
It is theorized that formation of hypervalent organosilane compounds made from the 
attachment of a Grignard reagent to an organosilane, will cause the formation of carbon 
nucleophiles strong enough to couple with an external organobromide. This is illustrated in 
Scheme 2.6. in the presence of a fluoride ion activator. 
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Scheme 2.6: Heterocoupling of an organosilane and en external electrophile in the absence of 
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2.1.3.1 Formation of Carbon Nucleophiles on Hypervalent Silanes 
 It is a well-known fact that the organic groups on a hypervalent silane experience 
increased nucleophilicity. In an effort to understand the cause of this phenomenon, the two 
hypervalent species of allyltrifluorosilane, 47 (CH2=CHCH2SiF3) will be examined. With the 
addition of ligands to a tetravalent silane, the σ-π overlap on the allyl functional group is 
increased.32 As illustrated in Scheme 2.7, the highly coordinated silicon is more electron 
donating to the allylic π system.33  













                            47                                       48                                                49 
                   Less effective                                                               Enhanced 
        σ – π conjugation                                                                  σ – π conjugation 
 
The net effect of this overlap is the increase of electron density on the γ-carbon of the 
allyl group and the decrease in electron density on the silicon center. This can also be seen by 
computing the Mulliken atomic charges on CH2=CHCH2SiF(3+n) where n = 1, 2, and 3; this data 
is presented in Table 2.1.34 
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Table 2.1: Charge density on the allylic group of CH2=CHCH2SiF(3+n) where n = 1, 2, and 3  







n = 1 
47 
+1.37 -0.40 -0.25 -0.26 
n = 2 
48 
+1.38 -0.37 -0.22 -0.31 
n = 3 
49 
+1.51 -0.38 -0.11 -0.38 
Another interesting occurrence is the changing bond lengths in hypervalent allyltrifluorosilane 
(50). The bond lengths are presented in Table 2.234. The values presented in this table show the 
feasibility of calling these silanes hypervalent in the sense described in the previous section of 
this paper.  
Table 2.2:  Bond lengths of the allylic group of CH2=CHCH2SiF(3+n) where n = 1, 2, and 3a  
Structure Bond Length (Å) Si-F 
Bond Length (Å)
Si-Cα 




n = 1 
47 
1.63 1.85 1.51 1.32 
n = 2 
48 
1.67-1.74 1.90 1.50 1.33 
n = 3 
49 
1.74-1.76 1.99 1.49 1.33 
a bond lengths calculated using the MIDI-4* basis set34 
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As ligand coordination increases, bond lengths increase, notably the axial Si-F bonds 
(1.74 for n=2 and 1.76 for n=3). The interpretation of this data is that even as electron density is 
moving towards Cγ the bond length Cβ-Cγ does not change dramatically. The increased electron 
density on the γ-carbon facilitates the donation of a carbon nucleophile to an electrophilic 
organobromides as described in Scheme 2.6.35  
2.1.3.2 Applications of Hypervalent Silane Generated Carbon Nucleophiles 
 For the purposes of this research, the desired reaction of Scheme 5 will be split into two 
steps, and this is described in Scheme 2.8.  
Scheme 2.8: Proposed intermolecular coupling via hypervalent organosilane intermediates 
R1MgBr R2Br R1 R2+
Desired
Reaction:  
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Si R2Br R1 R2R1MgBr ++Step Two:
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The first step involves understanding the reactivity described in Scheme 2.6, non-
transition metal catalyzed intermolecular cross-coupling. The second step involves the non-
transition metal catalyzed cross-coupling of a Grignard reagent and an alkyl bromide in the 
presence of an organosilane. In this case it is expected that the silane will act as a catalyst, being 
re-formed as the product forms.   
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2.2 Intermolecular Cross-coupling of an Organosilane with an Alkyl Bromide 
2.2.1  Transition Metal Catalyzed Cross Coupling Reactions of Organometallic Reagents 
with Aryl or Alkyl Halides   
 
Step One of Scheme 2.8 involves performing a non-transition metal catalyzed cross 
coupling reaction involving an organosilane activated by a fluoride ion. Transition metal 
catalyzed coupling reactions are well-known, especially the cross-coupling of organometallic 
reagents with organic halides, as these reactions provide a very versatile and selective method of 
C-C bond formation. The most widely used catalysts for this type of transformation is palladium. 
Pd-catalyzed reactions can take place between aryl or alkyl halides and an organometallic 
species. Of the large number of organometallic reagents possible, some of the more readily 
available species, organomagnesium and organocopper, are very reactive and will destroy certain 
functional groups. Other less reactive species, such as organoaluminum and organoboron 
(Suzuki coupling), cannot be used in the presence of oxo-species or alkaline aqueous conditions. 
Organotin (Stille coupling) has been shown to undergo palladium catalyzed cross coupling with 
reasonable tolerance of functional groups and lessened moisture and oxo-sensitivity. However, 
byproducts of the organotin coupling are toxic and reagents must be handled and disposed of 
with care.36 Through the pioneering work of Hiyama, organosilicon was introduced as a viable 
Pd- catalyzed cross coupling reagent due to its functional group tolerance as well as its non-
toxicity.37 Previous to Hiyama’s work, attempted cross-coupling reactions involving 
organosilicon reagents required drastic reaction conditions and resulted in poor yields.38 
Hiyama’s contribution was the activation of suitably functionalized organosilanes by a fluoride 
nucleophile (tetrabutylammonium fluoride (51) Figure 2.1).37 Adding this species to a tetrahedral 
organosilane produces a pentavalent organosilane, facilitating the transfer of an organic moiety 






Figure 2.1: Tetrabulylammonium Fluoride 
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As a result of the findings that organosilanes could be activated for Pd-catalyzed cross-
coupling using fluoride nucleophiles many investigators, including Ito and Denmark, have 
developed ideal conditions and catalysts for these transformations.39,40 In investigations by 
DeShong, it became apparent that a heteroatom, especially oxygen, was a necessary silicon 
ligand for the reaction to give excellent yields.41 It was found that the migrating group from the 
organosilanes could be allylic or arylic, and that the electrophile could be alkyl, alkenyl, or aryl 
bromides or iodides. Although coupling reactions with alkyl, etc. chlorides were attempted, they 
showed particular poor reactivity.41 Another discovery was that the identity of the halide on the 
electrophile determined the necessary palladium catalyst, i.e. while iodoalkenes could be coupled 
using Pd(dba)242 , bromoalkenes required Pd(OAc)243 activated with PPh3. This problem 
illustrates the drawbacks of this coupling reaction: the identity of the catalyst is based upon 
reactivity of the species being coupled, and due to the large number of palladium catalysts, 
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finding the ideal catalyst for a system involves purchasing and testing of expensive reagents. It is 
therefore desirable to create a system of cross-coupling which is not catalyzed by a transition 
metal.  
2.2.2 Cross Coupling Reactions of Organosilane Reagents with Aryl or Alkyl Halides in 
the Absence of a Transition Metal Catalyst  
  
DeShong’s work with tetrabutylammonium triphenyldifluorosilicate (TBAT, 59, Figure 
2.2) a nucleophilic fluoride ion source, was instrumental in the cross-coupling of an organosilane 











Figure 2.2: Tetrabutylammonium triphenyldifluorosilicate 
The advantage of using TBAT (54) over TBAF (51), as used by Hiyama, is that TBAT is 
anhydrous and nonhygroscopic, while TBAF is often packaged containing several equivalents of 
water. Also, TBAF has the tendency to degrade when dried, unlike the stable, crystalline TBAT. 
The presence of water in a coupling reaction relying on the increased nucleophilicity and 
subsequent cleavage of a Si-C bond will protonate the resulting carbanions, thus preventing the 
coupling. The fluoride ion, acting as an activator, will induce a pentavalent state on the silicon 
center. This increases the nucleophilicity of the ligands and causes nucleophilic attack on an 
external electrophile.45 Using TBAT as an activator, DeShong was able to cross couple alkynyl, 
benzyl, and allyl organosilanes with a wide variety of electrophiles including aldehydes, ketones, 
and alkyl halides without using a transition metal catalyst.44 Scheme 2.10 gives an example of 
aldehyde and alkyl halide coupling with a benzylsilane. 
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The research presented in this thesis reports progress towards improved reagents for 
catalyzing this non-transition metal catalyzed heterocoupling, exploration of new electrophiles, 
and optimal fluoride ion sources.   
2.3 Silanes as Catalysts in Coupling Reactions 
2.3.1  Silacyclobutanes Used in the Absence of Fluoride Activator 
 Step Two of Scheme 2.8 involves silicon acting as a catalyst in the heterocoupling of a 
Grignard reagent with an alkyl bromide in the absence of fluoride activator. Since the discovery 
by Hiyama that a fluoride nucleophile will activate a tetravalent silane into the more reactive 
pentavalent state, several attempts have been made to create a more reactive silane by including 
silyl ligands which facilitate hypervalency. As stated previously in this paper, the more electron-
withdrawing ligands a silane has, the more facile it is for that silane to become hypervalent. As 
tetra-organic silanes do not, as a rule, form hypervalent species by the attack of an additional 
carbon nucleophile.22 It has so far been necessary to add an electron-withdrawing fluoride ion to 
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induce hypervalency on organosilanes.22 Without the use of fluoride ions to induce 
hypervalency, changing the types of ligands on the silane is necessary. DeShong reported the 
inclusion of heteratoms, especially oxygen, as silane ligands and saw an increase in yields on Pd 
catalyzed heterocoupling reactions.41 It was reported by Myers and separately by Denmark, 
shown in Scheme 2.11, that enoxysilacyclobutanes could facilitate a non-catalyzed Mukaiyama 
crossed aldol reaction, again without using a nucleophilic fluoride activator, with reactions 
proceeding to completion.46,47  
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This is in contrast to similar attempted couplings of trialkylsilyl enol ethers which proceeded to 
completion after 2 days at 150oC.47  
It was reported by Oshima that silacyclobutanes could induce coupling reactions without 
the presence of heteroatom ligands when he successfully allylated a carbonyl compound using 1-
allyl-1-phenylsilacyclobutane (63). This reaction is  illustrated in Scheme 2.12.48 The reaction 
was performed without any additional nucleophiles or catalysts. When comparing this to a 
similar coupling reaction using instead a non-cyclic organosilane, allyldimethylphenylsilane 
(66), Oshima found that only unreacted starting materials were retrieved even after heating at 
160oC for 24h.48 The mechanism for this transformation shown in Scheme 2.12 is given in 
Scheme 2.13.  
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2) aq. HCl/ MeOH
58-85%  
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Scheme 2.13: Mechanism of heterocoupling of a silacyclobutane ligand and an aldehyde in the 
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The increased reactivity of the silacyclobutane ring is explained in Scheme 2.14 by 
evaluating the structural geometry of a pentavalent vs. tetravalent silacyclobutane. 
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                                               Large ring strain                Decreased ring strain 
The property being observed is called “strain release Lewis acidity,” and it was first 
noticed by Denmark in his study of the Lewis acidity of organogermanium reagents.50 The basis 
of this behavior is that the angle strain experienced by a four-membered ring when the molecule 
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is in a tetrahedral geometry (bonding angle, 109o) is partially relieved when a pentavalent state is 
reached (bonding angle 90o).49 Thus, in order to relieve ring strain, a silacyclobutane will 
preferentially bond to an additional ligand to form the energetically more favored trigonal 
bypirimidal geometry of a pentavalent species. As the species becomes hypervalent, ligands with 
available σ-π overlap, (alkynyl, benzyl, and allyl) will become more nucleophilic. The proximity 
of this nucleophilic ligand with the new, electrophilic ligand on the silicon center induces a 
coupling of these ligands. Denmark reported that attempts to utilize silacyclobutanes in the cross 
coupling of aryl and alkyl halides resulted in the discovery that, just as for uncyclized 
organosilanes, coupling required use of a fluoride nucleophile and palladium catalyst.49,51 
2.3.2 Silacyclobutane-Mediated Coupling Reactions 
 It was theorized that coupling reactions between cyclized organosilanes and alkyl or aryl 
halides could be achieved without a fluoride source or palladium catalyst. The mechanism 
proposed is presented in Scheme 2.15.  
Scheme 2.15: Proposed mechanism for silacyclobutane-mediated coupling of a Grignard reagent 











 R2-Br R1 R2 + Si
R R
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Because the silacyclobutane will preferentially bond to an additional ligand to relieve 
ring-strain, it is conceivable that this ligand would then experience increased nucleophilicity 
leading to the attack of a nearby electrophile. Coupling between Grignard reagents and alkyl 
bromides are rare, and only a few have been reported. Also, there are numerable undesired side-
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reactions that take place within this type of cross-coupling reaction. It is therefore possible that a 
cyclic organosilane could behave as a catalyst in this proposed cross-coupling reaction, as it will 
regenerate as the reaction proceeds to completion. Research presented herein will indicate the 
plausibility of this proposal as well as a discussion on how it could be improved.  
2.4 Intramolecular Migration on a Silicon Center  
2.4.1 Intermolecular Alkyl Migrations onto Peroxides  
 The migration reactions of boron are well known and often play important roles in 
coupling reaction in organic synthesis. Boron is also known for having similar reactivities to 
silicon.52 An example of a migration reaction on a boron center which has a parallel silicon-
centered reaction is the oxidation of boranes by hydrogen peroxide (Scheme 2.16). 
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Reaction of alkaline hydrogen peroxide with organoboranes is an easy reaction with high 
yields.53a,b The usefulness of this reaction is the ability to perform anti-Markovnikov hydration to 
double bonds (Scheme 2.17).53c Tamao and associated discovered similar reactivity in the 
oxidation of silicon by hydrogen peroxide, as shown in Scheme 2.1853 The presence of the 
nucleophilic fluoride ion is to induce the silane into a more reactive pentavalent state. 
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2.4.2 Intramolecular Alkyl Migrations onto Electron Deficient Carbon Ligands 
 A more interesting aspect of this reactivity is the prospect in inducing this intramolecular 
alkyl migration onto a carbon electrophile α to a good leaving group. This type of reactivity has 
previously been reported by Matteson for boron (Scheme 2.19)55.  
Scheme 2.19: Intramolecular alkyl migration onto electron-deficient carbon ligands on a boron 
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This reactivity is the basis for the proposal that similar alkyl migrations should be observed on 
silane reagents following the general format illustrated in Scheme 2.20 
Scheme 2.20: Proposed intramolecular alkyl migration onto electron-deficient carbon ligands on 




X = Leaving 
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This reaction will be performed with a fluoride activator, which can later be removed. 
Due to the increased reactivity of the pentavalent state of a silane, the addition of the Grignard 
reagent should be facilitated by the pre-coordination of a nucleophilic fluoride.  
2.5  Results and Discussion 
2.5.1 Intermolecular Cross-coupling of an Organosilane with an Alkyl Bromide 
2.5.1.1 Presentation of Results 
The results of attempts to recreate and improve yields of the intermolecular non-catalyzed 
cross coupling of an organosilane and alkyl or aryl bromide shown in Scheme 2.21 are presented 
in Table 2.3. 44 The best yields, 90% of cross-coupled product phenylheptadecane (93), were 
obtained in entry 3 from the reaction of benzyltrimethylsilane (55) with 1-bromohexadecane (92) 
in the presence of recrystallized TBAT (54). 




MeR1 R2 Br R1 R2+
F-
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Table 2.3: Results for the intermolecular cross-coupling of an organosilane with an alkyl 
bromidea 


































































NP - - 
a Reactions performed in THF at 60oC for 46h, b TBAT used as purchased, c TBAT recrystallized 
before use, d Literature yields from R-X = CH3(CH2)11Br 
 
 
2.5.1.2 Discussion of Results and Proposal of Improvements 
Comparing entries 1 and 2, commercially available TBAT (54) is more suitable than 
commercially available TBAF, most likely due to the high moisture content of TBAF (51).44b 
The alkyl halide used here, 1-bromohexadecane (92), was a longer chain that that used in the 
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reference, however, the observed reactivity is parallel. Comparison of entries 2 and 3 and entries 
6 and 7, show an increase in yield, to the point of surpassing literature values, when 
recrystallized TBAT is used.  Attempts to react different alkyl bromides, entries 4, 5, and 8, did 
not show any reactivity when unrecrystallized TBAT was used. Another interesting characteristic 
of this data is that comparison of entries 3 and 7 shows that benzyltrimethylsilane (55) produces 
greater product yields that allyltrimethylsilane (96). This is opposite from the trend reported in 
the literature. The series of experiments described in Table 2.3 proves that non-catalyzed cross 
coupling reported by DeShong of a benzyl or allylsilane and a long-chain alkylbromide can 
occur with good yields using recrystallized TBAT (54) as a fluoride ion source.     
2.5.2  Silanes as Catalysts for Coupling Reactions 
2.5.2.1 Presentation of Results 
In order to perform the coupling mechanism described in Step Two of Scheme 2.8, it was 
first necessary to synthesize non-commercially available organosilacyclobutanes from 
commercially available 1-chloro-1-methylsilacyclobutane, illustrated in Scheme 2.22.  







                                                             
 99               6                              70 
 
The results from these syntheses are described in Table 2.4. 1-methyl-1-
phenylsilacyclobutane (104) was synthesized with great ease and in high yield, and was therefore 




Table 2.4: Results from the formation of functionalized silacyclobutanesa 































a Reactions performed in Et2O at 0oC for 24h, b degradation of products, c no product found,        
d product found, difficult to isolate 
 
In Table 2.5, the results from several attempted heterocoupling reactions using the synethsized 
silacyclobutane 104, described in Scheme 2.23, are presented, as well as the uncatalyzed 
heterocoupling background reaction.   





R R2 MgBr R3 Br R2 R3+
 
                                                 




Table 2.5: Results from the silacyclobutane mediated heterocoupling of a Grignard reagent with 






Source R3MgBr R-Br Product 
Yield 
(%) 










- 101 109 110 12 







- 101 109 110 14 
a Reactions performed in Et2O at 50oC for 48 hours 
2.5.2.2 Discussion of Results 
The nucleophilic Grignard reagent allyl magnesium bromide (101) coupled without any 
additional reagent with 3-phenyl-1-bromopropane (109) to form 5-hexenylbenzene (110), in low 
yield, entry 1. Utilization of a silacyclobutane coupling reagent must increase this yield to be 
successful. Unfortunately, coupling yields did not increase with the use of 75 in entry 2.  
In entry 3, it was theorized that a nucleophilic F- source would aid in the induction of 
hypervalency on the silane, however that did not increase the coupling yield. As mentioned 
earlier, a greater number of electronegative ligands on a silicon center facilitates formation of 
hypervalent species. Based upon that knowledge, a heterocoupling reaction was attempted using 
1,1-dichlorosilacyclobutane (111) in entry 4. The fact that this attempt did not increase the yield 
of the cross coupled product indicated a serious problem with the reaction formulation.  
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The steric explanation for the failure of entry 2 is that the phenyl group blocks the silicon 
from nucleophilic attack by the Grignard Reagent. An electronic explanation which is acceptable 
for both entries 2 and 4 is that the increased nucleophilicity of hypervalent silane ligands is not 
strong enough to induce a nucleophilic attack on an alkyl halide. Unfortunately, this reasoning 
does not adequately explain the failure of entry 3. If entry 3 did form the hypervalent transition 
state by attack of the Grignard reagent onto the silicon center, then introduction of a nucleophilic 
fluoride ion source would have forced the coupling to proceed. Similar reactivities have been 
reported previously in this thesis, Table 2.3, and in the literature by Denmark.40, 41 Therefore, the 
best explanation for the failure of silacyclobutane mediated heterocoupling reactions is that the 
formation of the pentavalent intermediate does not occur as shown in Scheme 2.24. This could 
be proven in future work by monitoring the course of a reaction with 29Si NMR, as pentavalent 
silanes show different chemical shifts than tetravalent silanes.1 
Scheme 2.24: Missing step in the mechanism of silacyclobutane mediated heterocoupling of a 
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2.5.2.3 Proposal of Improvements 
There are several paths that can lead to success in further examination of this reaction 
scheme. The most obvious is to disprove the steric explanation by using an unhindered 
silacyclobutane, like 1,1-dimethylsilacyclobutane (108). If coupling yields do not improve, there 
is no steric argument remaining. Working in the electronic explanation, a reasonable solution is 
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to introduce heteroatoms into the cyclic structure (Figure 2.3), increasing the number of 
permanent electron-withdrawing ligands, and thereby increasing the propensity of the silane to 










Figure 2.3: Inclusion of electronegative heteroatoms into the ring of a cyclic silane 
Increasing the amount of ring strain experienced by the silane may also facilitate formation of 






Figure 2.4: Example of a highly strained silane 
Also, if Grignard reagents are unable to bond to the silacyclobutane, use of another 
nucleophile like alkyl lithium may increase yields. Using alkyl lithium reagents can be 
difficult.57 Alkyl lithium reagents are much more reactive than their Grignard counterparts, and 
therefore can undergo heterocoupling and homocoupling reactions without any catalysis. 
Although organic halides are sometimes coupled, heterocoupling reactions proceed preferentially 
with a better leaving group, i.e. sulfonates. Similar rules for the reactivity of alkyl halides as 
described for Grignard reagent heterocoupling with organohalides (Figure 2.2). Also, allylic and 
benzylic halides show marked reactivity with alkyl lithium reagents, just as they did with 
 
 34 
Grignard reagents (Scheme 2.4).57 A drawback to the use of alkyl lithium reagents is that the 
formation of alkyl lithium reagents is difficult, and only a select few are available from 
commercial sources.1 However, commercially available alkyl lithiums are less prone to 
homocoupling and should be ideal for use in the silacyclobutane mediated heterocoupling 
reaction. 
 The data presented in Table 2.5 shows that recently pursued silacyclobutane catalyzed 
heterocoupling reaction is unsuccessful. Reactivity may be improved, however, by several 
exploratory methods previously discussed.  
2.5.3 Intramolecular Alkyl Migrations onto Electron Deficient Carbon Ligands 
2.5.3.1 Presentation of Results 
Intramolecular alkyl migration were attempted in competition with the intermolecular 
cross-coupling with an external electrophile, shown in Scheme 2.25. The results are given in 
Table 2.6, with the lack of formation of either desired product. 
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Table 2.6: Results from intramolecular alkyl migration in competition with intramolecular 
heterocouplinga 
Entry Silane Fluoride Source 
Grignard 


























































a Reactions were carried out at room temperature for 14 hours in THF, b yields calculated with 98 
as limiting reagent, c calculations show some 98 is present in 117 from the formation of the 
Grignard reagent  
 
2.5.3.2 Discussion of Results 
 
Entry 1 showed the lack of any internal shift of the less-reactive benzyl magnesium 
chloride reagent, although a small amount of external coupled product was found. Use of highly 
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reactive benzyl magnesium bromide yielded the external coupled product consistently, with or 
without and additional reagents, as seen in entries 2-7. Removal of all other influences in entry 7 
proved that this homocoupling occurs spontaneously, and the silane reagent has no positive 
effect on its reactivity. Whether this coupling is a Wurtz-type coupling or the reaction of benzyl 
magnesium bromide with unreacted benzyl bromide is unknown, as calculations indicate the 
presence of the unreacted benzyl bromide (98) in the solution of benzyl magnesium bromide 
(117).  
2.5.3.3 Proposal of Improvements 
 Continuation in this line of study will proceed with the use of a reactive Grignard reagent 
which is not prone to homocoupling, i.e. allyl magnesium bromide. Other options include use of 
an alkyl lithium reagent, which is known to be more reactive to a silane center than a Grignard 
reagent. If an alkyl lithium agent is used, it will be necessary to choose an electrophile for the 




CHAPTER 3. SILANES AS REACTION INTERMEDIATES IN DEOXYGENATIVE 
ALKYLATIONS 
 
3.1.  Introduction to Deoxygenative Alkylations 
3.1.1 Deoxygenative Hydrogenation Reactions  
A new method of converting an alcohol moiety to a hydrogen moiety was introduced by 
Baba and associates by using InCl3 catalyst to deoxygenative hydrogenate silyl ether derivatives 
of alcohols and ketones with very good yields.58,59 Previous methods of reductive hydrogenation, 
i.e. nickel-catalyzed hydrogenation, required high temperatures (250oC) and pressure (150 
atm).60 The new reaction system involves in situ formation of an intermediate silyl ether from a 
hydrogen-bearing chlorosilane with the alcohol or ketone to be reduced followed by the 
reduction catalyzed by InCl3. This transformation can be performed at ambient temperatures and 
at atmospheric pressure. A representative reaction for the reduction of both alcohol and ketones 
is given in Scheme 3.1. 
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Baba found that benzylic, 2o and 3o alcohols and benzylic ketones produced the highest yields 
when reduced in this manner.  
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3.1.2  Mechanism of Deoxygenative Hydrogenation 
Baba attempted to diagram the mechanism of InCl3-catalyzed deoxygenative 
hydrogenation by an NMR study for the reduction of benzhydrol (122) in Scheme 3.2. He was 
able to prove, by 29Si NMR analysis, that the formation of a silyl ether is the first step in the 
mechanism.  


































The mechanistic step in which transition state 126 forms product 124 is the focus of interest. As 
illustrated in the scheme, the mechanism appears concerted, with transfer of the nucleophilic 
hydride occurring at the same time as oxygen leaves. However, examples from the research of 
Baba and associates show that this might not be the case. When deoxygenative hydrogenation on 
1,1-diphenyl-2-propanol (128) was performed, as shown in Scheme 3.3, a re-arrangement 
occurred. This is only possible if carbocation formation occurs in the mechanism at the oxygen-
bearing carbon, and therefore the mechanism cannot be concerted. Therefore, uncertainty is still 
present in the mechanism of InCl3-catalyzed reductive hydrogenation.  
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3.2  Indium Trichloride Catalyzed Intramolecular Deoxygenative Alkylations 
 The possibility of a concerted mechanism in the reduction of alcohol and ketone 
intermediates sparked an interest in performing similar reactions with an alkyl group as the 
migrating nucleophile. This transformation studied will be called intramolecular deoxygenative 
alkylation because of the intramolecular reduction step in the mechanism presented in Scheme 
3.2. The proposed reaction is illustrated in Scheme 3.4. 
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Similar reactivity to deoxygenative hydrogenation is expected: benzylic, 2o and 3o alcohols 
should produce higher yields of alkylated product than 1o alcohols.  
The synthetic procedure was changed from that used by Baba59 in that the silyl ether was 
synthesized and isolated before being applied to the catalyst. In this way, the first step of the 
mechanism proposed by Baba in Scheme 3.2, formation of the silyl ether (125), was confirmed. 
Therefore, the reaction does not necessarily need to be combined in situ. The proposed synthetic 
strategy is shown in Scheme 3.5. 
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Step One Step Two
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 Should the mechanism of this deoxygenative alkylation prove to be a concerted 
mechanism, it should be possible to transfer chiral geometry from the alcohol to the alkylated 
product. Such a transfer has not previously been performed by InCl3-mediated reductive 
alkylations, and would therefore be very desirable. The research presented in this paper shows 
intramolecular deoxygenative alkylations on a number of both racemic and chiral enantiomers of 
several different alcohols. Reactions of various racemic alcohols established reactivity trends for 
the intramolecular deoxygenative alkylations. Reactions of chiral alcohols were performed, and 
the alkylated products underwent chiral analysis to determine the degree of chiral transfer in 
intramolecular deoxygenative alkylations. 
3.3  Indium Trichloride Catalyzed Intermolecular Deoxygenative Alkylation 
3.3.1 Introduction 
 The mechanism for InCl3 intramolecular deoxygenative alkylation is putatively 
concerted. We were curious if similar mechanistic characteristics would be found in indium-
catalyzed intermolecular alkylations. If the mechanism were similarly concerted, it would then 
be possible to transfer chirality via an intermolecular pathway.  
 Intermolecular deoxygenative alkylations are so named because nucleophilic attack 
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3.3.2  Catalysts for Intermolecular Deoxygenative Alkylation 
 Similar transformations are known to occur with the use catalysts other than InCl3. 
This type of alkylation is desired because of the nature of the indium catalyst. Most 
transformations of a C-O bond to a C-C bond involve use of catalysts such as HN(SO2F)261, 
ZnCl262, TrClO463, and SnCl4-ZnCl264. These catalysts experience drawbacks such as sensitivity 
to water and intolerance or other active functional groups. In addition, the alkylations catalyzed 
by such reagents provide low to moderate yields. A catalyst which has received much attention 
in recent years is B(C6F5)3, which in combination with an external nucleophile source has proven 
to deoxygenatively alkylate benzylic alcohol derivatives in good yield.65 An example of the 
utilization of this catalyst in shown in Scheme 3.7. 
Scheme 3.7: Example of intermolecular deoxygenative alkylation of an alcohol derivative as 
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Despite the high product yields attained by utilization of B(C6F5)3, the catalyst does 
experience some disadvantages. One such limitation is that reaction conditions must be 
anhydrous to prevent formation of H3O+[B(C6F5)3OH]-, a powerful acid capable of inducing 
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oligomerization of the allylic reaction products, thereby decreasing the yield.66 This is a concern 
because allylated species are the main reaction products of alkylations mediated by B(C6F5)3. 
InCl3 experiences none of these drawbacks,: it is well known for its activity in aqueous media in 
Barbier-type Grignard reagents, and is therefore much less water sensitive.67 It is stable in the 
presence of air or oxygen at ambient temperatures, moderately oxo- and nitrophilic, and highly 
chemoselective.67 InCl3 and it is known to catalyze intermolecular deoxygenative alkylations of 
benzylic ketones as shown in Scheme 3.8.68 
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3.3.3 Mechanism of Intermolecular Deoxygenative Alkylation 
A reasonable mechanistic pathway has not yet been proposed for this reaction in the 
literature, therefore the research presented in this thesis was performed to substantiate a 
satisfactory mechanism. The proposed research plan whereby reactivity and mechanism could be 
studied is presented in Scheme 3.9 and consisted of two steps.  
Scheme 3.9: Proposed reaction plan for indium trichloride catalyzed intermolecular 
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First, the silyl ethers from various alcohols were synthesized and isolated.  Second, these 
silyl ethers were reacted with the indium catalyst and allyltrimethylsilane (139), which serves as 
the external nucleophile source. The two-step process proved the formation of the silyl ether is 
the first step in intermolecular deoxygenative alkylations. The range of alcohols reacted helped 
to determine the order of reactivity of alcohol structure, e.g. 1o,2o, benzylic. 
The mechanism of intermolecular deoxygenative alkylation was then further elucidated 
by the reaction of silyl ether derivatives of chiral alcohols with indium catalyst in the presence of 
an external nucleophile source. If the mechanism is concerted, as is believed for intramolecular 
alkylations, then chirality of the alcohol should transfer to the alkylated product. Such chiral 
transfers have not been reported by indium trichloride catalyzed reductive alkylations, and are 
therefore desirable. The intermolecular reaction was performed on several chiral silyl ethers, and 
the products were analyzed by chiral-GC to determine the degree of chiral transfer. In this  
manner, the mechanisms of intra- and intermolecular deoxygenative alkylation were compared. 
3.4 Results and Discussion 
3.4.1 Intramolecular Deoxygenative Alkylation  
3.4.1.1 Formation of Silyl Ether Species 
Intramolecular deoxygenative alkylations were performed on several alcohols with a 
range of reaction conditions to ascertain the optimal ones. The first step in these optimizations 
was the formation of the silyl ether precursors of each alcohol, shown in Scheme 3.10 
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These transformations were performed with high yields (41-96%) in accordance with 
similar silyl ether formations reported by Denmark using the same conditions.69 The reaction is 
illustrated in Scheme 3.10 and presented in Table 3.1. 
Table 3.1: Results from formation of silyl ethers from chlorosilanes and alcoholsa                                              
Entry Alcohol Chlorosilane Solvent Rxn. Tmp.(oC) 
Product 















































a Reactions stirred for 14 hours 
3.4.1.2 Intramolecular Deoxygenative Alkylation of Silyl Ethers 
3.4.1.2.1 Optimization of Reaction Conditions 
The silyl ethers from Table 3.1 were then reacted with an indium catalyst to induce 
alkylation in various reaction conditions, as shown in Scheme 3.11. Table 3.2 lists the conditions 
and product yields. It was found that allylbenzhydroxy-dimethylsilane (145) produced the 
highest yield, 75%, of alkylated product by utilizing 5 mole percent InCl3 in chloroform at 60oC 
for 8 hours as seen in entry 13.  
 
 45 





In catalyst R R
 
                                                      143                                      149 
Table 3.2: Results from optimization of deoxygenative alkylation reaction conditions 












2 148 10% InCl3 DCE rt 6h 150 5% 
3 148 2% InCl3 DCE rt 6h 150 10% 
4 148 5% InF3 DCE rt 12h - NPa 
5 148 5% InCl3 DCE 83oC 5h 150 42% 
6 148 5% InCl3 CHCl3 77oC 5h 150 47% 
7 148 5% InCl3 Toluene 114oC 6h 150 57%b 
     12h  41%b 
8 148 5% InCl3 
Toluene 
(1mL H2O) 















5% InCl3 DCE rt 5h 
141 
62% 
11 145 5% InCl3 DCE 80oC 8h 141 73% 
12 145 5% InCl3 CHCl3 50oC 8h 141 73% 
13 145 5% InCl3 CHCl3 60oC 8h 141 75% 
a No product retrieved, b yield unreliable, unable to remove solvent from product 
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From Table 3.2, the highest reliable yield for alkylation from silyl ether 29 is entry 6. 
Entries 1, 2, and 3, show that 5 mol % is the optimal amount of catalyst. Entry 4 shows that InF3 
is not a viable catalyst for this reaction in favor of InCl3. Entries 5 and 6 are the results of 
experimentation with the reaction temperature and solvent, and it was found that the optimal 
conditions for intramolecular deoxygenative alkylation are chloroform at reflux temperatures. 
Finally, in entries 7 and 8 toluene and a toluene/water mixture were used as solvents. However, 
toluene was not a viable solvent, as it formed an azeotrope with the product. It was impossible to 
remove the toluene completely from the product. The attempt to transfer a benzyl group in entry 
9 was unsuccessful, as it appears the allyl moiety is more reactive in these circumstances. Based 
upon these results, the optimal conditions were used in researching the scope of reactivity of 
intramolecular deoxygenative alkylation. 
3.4.1.2.2 Optimization of Organosilane Ligands 
 Although allyldimethylchlorosilane (144), a commercially available chlorosilane, has 
been used successfully thus far, it is desirable to explore other ligand combinations. The most 
advantageous chlorosilane for this reaction was allyldiphenylchlorosilane (151) which is not 
commercially available. The desire for this chlorosilane is based upon the deoxygenative 
hydrogenation of alcohols by Baba (Scheme 3.1), when it was found that alcohols combined with 
diphenylchlorosilane (120) were reduced preferentially to those combined with 
dimethylchlorosilane (123).59 This behavior is due to the stronger electron withdrawing power of 
a phenyl ligand on a silicon center as compared to a methyl ligand. The greater number of 
electron withdrawing groups on a silane, the more likely the silane is to form the pentavalent 
transition state involved in the formation of more nucleophilic ligands.22 Thus silyl ethers 
bearing diphenyl ligands are more reactive than silyl ethers bearing dimethyl ligands in 
intramolecular deoxygenative alkylations.  
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The synthetic pathway to reach 151 is illustrated in Scheme 3.12. It involves formation of 
the allyldiphenylsilane (152) from allyldichlorosilane (153), followed by chloronation to yield 
151. 











               153                   154                                   152                                         151 
Step 1 of Scheme 3.12 was performed with an 86% yield when the two reactants 153 and 154 
were combined in THF at 0oC for 12 hours. Step 2 of Scheme 3.13 proved to be more difficult, 
however, and several different methods were employed to overcome this obstacle. Chloronation 
reactions were performed on commercially available hydrosilanes before being attempted on 
152. A combined list of these techniques and their results are included in Table 3.3. The best 
method attempted was use of palladium (II) acetate and allyl chloride at reflux temperatures 
shown in entry 7. This produced 50% of the desired quenched product, 164. Unfortunately, when 
the same technique was used with 152 with an alcohol as the quenching agent, product formation 
did not occur, as seen in entry 10. 
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Ph Ph  
163 
99% 
5 161 2CuCl2/CuI Et2O/rt/13h 162 163 99% 


















































a no product formed 
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Interesting disiloxane products were isolated when formation of the quenched product did 
not take place shown in entries 2 and 4. These are formed from the chlorosilanes made in the 
reaction process in the presence of water or aqueous base. The best method of forming 
chlorosilanes found was the use of palladium (II) acetate shown in entry 7. The formation of the 
silyl ether between benzhydrol (122) and allyldiphenylchlorosilane (151) did not occur, which 
ended the ability to explore this chlorosilane reagent. All further intramolecular deoxygenative 
alkylation reactions will therefore use the commercially available allyldimethylchlorosilane 
(144). 
3.4.2 Optimization of Intermolecular Deoxygenative Alkylation  
3.4.2.1 Formation of Silyl Ether Species 
Intramolecular deoxygenative alkylations were performed on several alcohols to 
determine the silane ligands, reaction temperature, and time which will produce the highest 
reaction yields. The first step therefore was to form the appropriate silyl ethers from highly 
reactive chlorosilanes as drawn in Scheme 3.14.  
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The results from these experiments are listed in Table 3.4. The highest yields, 95%, were from 
the formation of diphenylmethyl(1-phenylpropoxy)silane (172) shown in entry 4.  
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Table 3.4: Results from the formation of silyl ethers for intermolecular alkylationsa 



























































py rt - NP70 
          Table continued 
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a Reactions stirred for 14 hours 
 
3.4.2.2 Optimization of Reaction Condition and Silane Ligands for Intermolecular 
Deoxygenative Alkylation of Silyl Ethers 
 
Once silyl ethers were isolated, the deoxygenative alkylation reactions were performed 
(Scheme 3.15). The optimal combination of silane ligands, solvent, reaction time, and 
temperature was found to be diphenylmethyl silyl ethers in DCM for 6h at room temperature as 
can be seen in entry 10 of Table 3.5.  
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3.4.3 Scope of Reactivity of Alcohol Substrates 
3.4.3.1 Formation of Various Silyl Ether Species 
The silyl ethers which resulted optimal yields for deoxygenative alkylation were 




Table 3.5: Results from optimization of intermolecular deoxygenative alkylations on silyl ethers 





Time Product Yield (%) 




2 168 DCE 80 8h 141 55 
3 168 CHCl3 rt 5h 141 46 





5 169 Toluene reflux 24h - NP 
6 171 DCE rt 3h - NP70 
7 171 DCE 60 2h - NP70 
8 171 Toluene rt/60 19h - NP70 
9 171 DCM rt 16h - NP70 
10 172 DCM rt 6h 150 77 
11 172 DCE 60 6h 150 67 
12 172 Toluene reflux 12h 150 50a 
13 173 DCM rt 18h 150 2670 
14 173 DCE rt 18h 150 1670 
15 173 Toluene rt 24h 150 1770 
a unable to remove solvent 
The optimal reaction conditions presented in Table 3.6 were 5 mole percent InCl3 in 
chloroform at 60oC for 6 hours for the intramolecular reaction, and the optimal conditions for the 
intermolecular reaction were 5 mole percent InCl3 in DCM for 6 hours at room temperature. 
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Using these optimal silane ligands and reaction conditions, deoxygenative alkylations were 
performed on a variety of alcohols to determine the range of reactivity of the alcohol substrate, 
including 2o and benzylic alcohols with increasing alkyl-chain length as well as alcohols adjacent 
to other functional moieties. Table 3.6 shows the results from the formation of silyl ethers from 
the alcohols studied (Scheme 3.16). The highest yield of silyl ether was 97% and corresponded 
to the formation of allyldimethyloctyloxysilane (187) as shown in entry 9. 
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Table 3.6: Results from formation of silyl ethers of various alcohol reagents 








































































































a Reactions stirred for 14 hours 
3.4.3.2 Deoxygenative Alkylations of Various Silyl Ethers 
 The silyl ethers formed in Table 3.6 were then reacted with the indium catalyst, and 
underwent intra- or intermolecular deoxygenative alkylations, depending upon the silane liganes 
as shown in Scheme 3.17.  
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The results are given in Table 3.7. The highest yield of alkylated product from the 
intramolecular alkylation reaction was that of allyl(2-indanoxy)dimethylsilane (181) which was 
75% and is shown in entry 5. The highest yield of alkylated product from the intermolecular 
alkylative reaction was that of diphenyl(2-indanoxy)methylsilane (182) which was also 75% and 
is given in entry 6. 
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Table 3.7: Results from Intra- and intermolecular deoxygenative alkylations of various silyl 
ethers 











































































DCM/rt/6h - NPa 
a No product found 
Table 3.7 shows that most benzylic alcohols undergo deoxygentative alkylation at 
reasonable reaction conditions and with good yields. Unfortunately 2o aliphatic alcohols are not 
reactive as seen in entries 9 and 10. This is likely due to a lack of stabilization of charge at the 
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oxygen-bearing carbon. Entries 7 and 8 show the presence of an electron withdrawing group 
adjacent to the alcohol-bearing carbon is detrimental to reactivity, confirming that some positive 
or partial positive charge on the oxygen-bearing carbon is a vital part of the reaction mechanism. 
3.4.4 Chiral Transfer in Deoxygenative Alkylation 
The study of chiral transfer via deoxygenative alkylations was determined by reaction of 
a chiral alcohol with the appropriate chlorosilane reagents to form a chiral silyl ether. From this 
ether, the InCl3 catalyst was applied and reaction products were isolated. Analysis of the 
products of each enantiomer using a ChiraldexTM dimethylated betacyclodextrin gas 
chromatography column was performed.71 It was found that regardless of the chirality of the 
starting alcohol, and regardless of the reaction pathway, each product was perfectly racemic, as 
seen in Scheme 3.18. This reactivity is interesting because concerted substitution reactions, i.e. 
SN2, occur by nucleophilic attack on a 1o carbon preferentially. Therefore, it is logical that 
because this reaction produces higher yields when performed upon 2o, 3o and benzylic alcohols, 
the mechanism could not be a go through a concerted nucleophilic substitution.  
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This indicates the presence of a carbocation intermediate in the reaction mechanism at the 
benzylic position for both reaction pathways. This research substantiates that the mechanism for 




































For the intermolecular deoxygenative alkylation reaction, the mechanism is also not a concerted 
mechanism and will proceed via a carbocation intermediate. This is shown in Scheme 3.20. 


















































Due to this carbocation formation, it is impossible to transform a C-O bond to a C-C bond while 
maintaining chirality via InCl3 mediated deoxygenative alkylation under the conditions evaluated 
in this research.  
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Chapter 4. Experimental Procedures 
4.1 General.  
4.1.1  Materials and Storage 
Unless indicated otherwise, chemicals were purchased from Aldrich and used without 
purification. All organic silane reagents not synthesized herein were purchased from Gelest and 
used without purfication with few exceptions (chlorodiphenylmethylsilane, allyltrimethylsilane, 
chloromethyltrimethylsilane, and dimethylphenylsilane were purchased from Aldrich).  Most 
solvents were purchased from commercial suppliers, in anhydrous sealed bottles if available, and 
used as is. DCM, DCE, chloroform, and diethyl ether were dried over MgSO4 before use. THF 
was used either from an anhydrous sealed bottle or was dried by refluxing over a drying agent 
followed by distillation. Reactions requiring anhydrous conditions or reactions performed under 
a N2 atmosphere were performed in glassware flame-dried under a N2 atmosphere, and purged 
with N2 after all reagents had been added.  
4.1.2  Monitoring, Isolation, and Purification Techniques 
Reactions were monitored by thin-layer chromatography using 0.25 mm Macherey Nagel 
Silicagel Class Plates (60F-254); fractions were made visible by use of UV light and by staining 
with molybdophosphoric acid with subsequent heating. Column chromatography was carried out 
with Flash Silicagel, 32-63 µm, from Science Adsorbents Inc. All yields reported in this paper 
were determined after purification. 
4.1.3  Identification Using NMR, FT-IR and Mass Spectrometry 
  NMR spectra, both 1H and 13C, were obtained on either a Bruker AC-250 or AC-300 
Spectrometer. Chemical shifts (δ) are given in ppm relative to CDCl3, which has a chemical shift 
of 7.24 ppm for 1H NMR and 77.00 ppm for 13C NMR. FT-IR spectra were obtained on a Nicolet 
AVATAR 320 RT-IR dissolved in CCl4 unless otherwise indicated. Low Resolution Mass 
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Spectra (LRMS) were obtained on a Finnigan MAT900 double sector instrument, under fast 
atom bombardment (FAB). Gas Chromatography Mass Spectrometry (GC/MS) spectra were 
obtained on a Hewlett-Packard 5791A GC/MS using a DB5MS column under Electron 
Ionization (EI). The conditions for separation consisted of an initial oven temperature of 40oC 
hald for 3 minutes followed by a ramping of the temperature by 20oC per minute to a final 
temperature of 280oC. The injector was kept as 250oC, while the detector remained at 300oC. 
4.2  Synthesis 
 The procedures presented for the syntheses described herein are generalized. The 
products and reactants are representative compounds for all other reagents involved in reactions 
of the same category. The same procedures were followed for every reaction in the same 
category, differing only by the amounts of chemicals used in accordance to their molecular 
weights.  
4.2.1 Synthesis of Products Appearing in Chapter 2 
Method A: General Procedure for Intermolecular Cross-Coupling of a Fluoride-Activated 
Organosilane (Table 2.3) 
 
• 1-Phenylheptadecane (93) 
 
 Phenylheptadecane (93) was synthesized by Method A as follows. Benzyltrimethylsilane 
(0.130 g, 0.790 mmol) was added to a round-bottomed flask containing TBAT (0.170g, 0.316 
mmol) and 1-bromohexadecane (0.0482g, 0.158 mmol) dissolved in THF (2 mL). To this 
solution was added a magnetic stir bar, and the flask was attached to a reflux condensor. The 
system was heated at 70oC for 46h. After this period the reaction mixture was cooled and crude 
material was triturated from an insoluble solid with hexane. The solvent was then removed under 
vacuum and the residue was separated by flash chromatography on silica gel using hexane as the 
eluent. 0.045g (90% of theoretical yield) of this commercially available product was analyzed by 
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proton NMR to establish its purity: 1H NMR (250 MHz, CDCl3) δ = 7.24 (m, 5H), 2.61 (t, 1H, 
J=7.77), 1.54 (m, 10H), 1.35-1.19 (m, 20H), 0.86 (t, 3H). 
• Nonadecene (97)72 
 This compound was synthesized following Method A. It was made on a scale of 0.1547 
mmol (of 1-bromohexadecane), and produced a 30% (0.0149 g) yield of material: 1H NMR (250 
MHz, CDCl3) 5.71 (m, 1H), 5.89 (m, 2H), 1.96 (m, 2H) 1.40-1.13 (m, 33H), 0.79 (t, 3H). 
Method B: Generalized Procedure for the Formation of Functionalized Silacyclobutanes 
from 1-Chloro-1-methylsilacyclobutane in Table 2.4 
 
• 1-Methyl-1-phenylsilacyclobutane (104)73 
 
 1-Methyl-1-phenylsilacyclobutane (104) was synthesized by Method B as described 
herein. 1-Chloro-1-methylsilacyclobutane (0.300 g, 2.48 mmol) was added dropwise to a two-
necked round bottomed flask containing a magnetic stir bar and  of phenyl magnesium bromide 
cooled to –78oC in a dry ice/acetone bath. The mixture was allowed to reach room temperature 
and then stirred for 5 hours. After this period of time, 10 mL of water was added, and the 
solution was extracted 3 times with 25 mL portions of diethyl ether. The organic extracts were 
combined and dried over MgSO4, filtered, and the solvent evaporated under vacuum. The residue 
was separated by flash chromatography on silica gel with hexane as the eluent. The product, a 
clear liquid, was found in a 95% (0.383 g) yield and was analyzed by 1H NMR: 1H NMR (250 
MHz, CDCl3) δ = 7.83-7.47 (m, 5H), 2.37 (m, 2H), 1.64-1.29 (m, 4H), 0.72 (s, 3H). 
Method C: Generalized Procedure for the Silacyclobutane Catalyzed Heterocoupling of a 
Grignard Reagent and an Alkyl Bromide from Table 2.5 
 
• 5-Hexenylbenzene (110) 74 
 5-Hexenylbenzene (110) is synthesized my Method C as described herein. 1-Bromo-3-
phenylpropane (0.131 g, 0.658 mmol) was combined with 1M allyl magnesium bromide in 
diethyl ether (0.096 g, 0.0658 mmol) in a round-bottomed flask equipped with a magnetic stir 
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bar. The flask was then attached to a reflux condenser, and placed in a heating bath. This was 
heated to 50oC and allowed to stir for 48 hours. The mixture was then cooled to room 
temperature. At this time 5 mL of water was added to the mixture, and this was extracted three 
times with 25mL portions of diethyl ether. The combined ether layers were reduced under 
vacuum and separated by flash chromatography on silica gel using hexane as the mobile phase. 
The product was found in a 12% (0.0227 g) yield, and was analyzed by proton NMR: 1H NMR 
(250 MHz, CDCl3) δ = 7.29 (m, 5H), 5.85 (m, 1H), 4.97 (m, 2H), 2.63 (t, 2H), 2.11 (q, 2H), 1.59 
(m, 2H), 1.46 (m, 2H). 
Method E: General Procedure for Formation of Griganard Reagents from Corresponding 
Alkyl Bromides. 
 
• Benzyl magnesium bromide (117) 
 
 Benzyl magnesium bromide (117) was synthesized by Method E as described herein. 
Under a N2 atmosphere, benzyl bromide (3.01 g, 19.2 mmol) was added to a flame-dried, 
septum-sealed round bottomed flask containing 1.711 g of magnesium metal turnings (70.4 
mmol) and 49.5 mL of distilled THF. A nitrogen balloon was attached to the flask. Extreme care 
was used for this reaction, and it was performed in the hood with the sashes as closed as possible. 
The flask was hand-stirred until fine bubbles began to form in the solution. Stirring was ceased, 
and the bubbling became violent. When the solution became calm, stirring was resumed until the 
flask no longer was warm to the touch. At this point an 0.1 mL aliquot of the solution was 
extracted from the flask and quenched with 1 mL of water. This aliquot was then titrated with a 
0.1 M HCl to determine the concentration of Grignard reagent in the sample. The solution was 
calculated to be a 0.1708 molar concentration of benzyl magnesium bromide in THF with a 40% 
product yield. 
• Ethyl Magnesium Bromide (162) 
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 This product was synthesized according to Method E on a 20 mmol scale (of ethyl 
bromide). The resulting product was found to be a 0.6 M solution of ethyl magnesium bromide. 
Method F: General Procedure for Intramolecular Alkyl Shift on a Silicon Center in Table 
2.6 
 
• 1,2-Diphenylethane (118)75 
 
 1,2-Diphenylethane(118) was synthesized by Method F as described herein. Under N2, 
chloromethyltrimethylsilane (0.490 g, 4.0 mmol) was combined in a round-bottomed flask with 
tetrabutylammonium fluoride, TBAF, (1.539 g, 6.0 mmol) and benzyl bromide (0.684 g, 4.0 
mmol). This was allow to stir at room temperature for 1 hour. Benzyl magnesium bromide in a 
0.146 M solution in THF (0.837 g, 4.4 mmol) was added dropwise to the solution over a period 
of 30 min. The mixture stirred at room temperature for 14 hours. 50 mL of water was added to 
the mixture, and this was extracted four times with 50mL portions of chloroform. The combined 
ether layers were reduced under vacuum and separated by flash chromatography on silica gel 
using a hexane/ethyl acetate solution (75/25) as the eluent. The resulting crude material was a 
complicated mixture, mainly containing starting material. The only product found in an 
appreciable amount was the product of an external coupling in 7.8% (0.0577 g) yield, and this 
was verified by 1H NMR: 1H NMR (250 MHz, CDCl3) δ = 7.51-6.99 (m, 10H), 2.50 (s, 4H). 
4.2.2 Synthesis of Products Appearing in Chapter 3 
Method G: General Procedure for Formation of Silyl Ethers from Chlorosilanes From 
Table 3.1 
 
• Allylbenzhydryloxydimethylsilane (145)76 
 
 Allylbenxhydryloxydimethylsilane (145) according to Method G as described herein. 
Under a N2 atmosphere, benzhydrol (1.00 g, 5.43 mmol) and imidazole (0.924 g, 13.57 mmol) 
were combined in a flask containing 2 mL dry DMF and a magnetic stir bar and capped with a 
rubber septum. Allyldimethylchlorosilane (0.876 g, 6.51 mmol) was added dropwise to the 
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solution. The reaction proceeded at room temperature for 14 hours. At this time, 10 mL of water 
was added to the solution. This material was extracted three timeswith diethyl ether in 50 mL 
portions. The combined ether layers were reduced under vacuum and separated by flash 
chromatography on silica gel using hexane/ethyl acetate (98/2) as the eluent. 41% (0.629 g) of 
product was recovered, and it was verified by 1H NMR. 1H NMR (250 MHz, CDCl3) δ = 7.41-
7.10 (m, 10H), 5.71 (s, 1H), 5.60 (m, 1H), 2.78 (d, 2H), 1.52 (d, 2H, J=8.22), 0.0 (s, 6H). 
•  (Benzhydryloxy)benzyldimethylsilane (147)  
 This compound was synthesized according to Method G on a 5.4 mmol scale (of 
benzhydrol). The isolated product yield was 1.569 g (87 % of theoretical yield). This product 
was then characterized.1H NMR (250 MHz, CDCl3) d 7.25 (m, 15H), 5.69 (s, 1H), 2.13 (s, 2H), 
0.0 (s, 6H); 13C NMR (250 MHz, CDCl3) d -1.443, 27.5, 76.8, 124.7, 126.9, 127.5, 128.7, 128.9, 
139.4, 145.1; FT-IR (cm-1) 3061, 3060, 3025, 2957, 1599, 1498, 1453, 1251, 1027, 875, 800; 
LRMS77: 241 (12), 167 (100), 121 (14), 73.2 (66). 
• Allyldimethyl(1-phenylpropoxy)silane (148) 
 This product was formed using the reaction conditions described in Method G. It was 
performed on a 11.0 mmol scale (of 1-phenyl-1-propanol), and the isolated product yield was 
2.50 g (96% yield). The product was then characterized as follows: 1H NMR (250 MHz, CDCl3) 
δ = 7.30 (m, 5H), 5.72 (m, 1H), 4.80 (m, 2H), 4.57 (t, 1H), 1.57 (m, 2H), 1.54 (d, 2H), 0.88 (t, 
3H, J=7.31), 0.05 (s, 6H); 13C NMR (CDCl3) 146.8, 135.8, 129.6, 128.5, 127.5, 115.1, 35.0 
,26.4, 11.8, -0.4; FT-IR (cm-1): 3077, 3027, 2961, 2929, 2874, 1630, 1492, 1256, 1057, 1013, 
868, 836, 699; LRMS77: 172 (24), 120 (41), 91 (56), 73 (100). 
• Benzhydryloxydiphenylmethylsilane (168) 
 The technique described in Method G was used to synthesize benzhydroxyl-
diphenylmethylsilane on an 8.14 mmol scale (of benzhydrol). The yield of the product yield was 
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75% (2.32 g) of the theoretical yield. This was verified by a full characterization of the product. 
1H NMR (250 MHz, CDCl3) δ = 7.3 (m, 20H), 5.85 (s, 1H), 0.47 (s, 3H); 13C NMR (CDCl3) d 
144.9, 136.5, 134.8, 130.2, 128.6, 128.2, 127.5, 126.9, -2.05. FT-IR (cm-1): 3067, 3025, 1428, 
1119, 1061, 794, 773, 696; LRMS77: 197.2 (40), 167.3 (100), 137.2 (11). 
• Benzyldimethyl(1phenylpropoxy)silane (169) 
 This compound was synthesized on a 7.34 mmol scale (of 1-phenylethanol) using the 
protocol described by Method G. The product yield was 1.78 g (86 %). This was verified by 
analysis. 1H NMR (250 MHz, CDCl3) δ = 7.31-7.00(m, 10H), 4.61 (t, 1H, J=6.85), 2.15 (s, 2H), 
1.74 (m, 2H), 0.88 (t, 3H, J=7.31), 0.02 (s, 6H); 13C NMR (250 MHz, CDCl3): δ = 145.5, 139.6, 
128.8, 128.5,  128.4, 127.4, 126.4, 124.5, 76.9, 33.8, 27.5, 10.6, -1.5; FT-IR (cm-1) 3082, 3061, 
3025, 2960, 2934, 2874, 2358, 1600, 1493, 1451, 1250, 1206, 1156, 1102, 1056, 1012, 867, 837, 
818, 754, 738, 667; GC/MS: 284 (1), 255(1), 193 (15), 149 (8), 121 (6), 91 (32), 75 (100.) 
• Diphenylmethyl(1-phenylpropoxy)silane (172)78 
 This compound was synthesized on a 7.34 mmol scale by the specifications of Method G. 
The amount of product isolated was 2.58g (95% yield). This was then characterized by proton 
NMR. 1H NMR (250 MHz, CDCl3) δ = 7.61-7.23 (m, 20H), 4.68 (t, 1H), 1.54 (m, 2H), 0.84 (t, 
3H, J=7.31), 0.50 (s, 3H).  
• Allyldimethyl(1-phenylethoxy)silane (175)76 
 This compound was synthesized on a 1.64 mmol scale (of 1-phenylethanol) using the 
protocol described by Method G. The product yield was 0.234g (65 %). This was verified by 
proton NMR. 1H NMR (250 MHz, CDCl3) δ = 7.24 (m, 5H), 5.68 (m, 1H), 4.74 (m, 2H), 4.72 
(m, 1H), 1.50 (d, 3H), 1.34 (d, 2H, J=6.40), 0.0 (s, 6H). 
• Diphenylmethyl(1-phenylethoxy)silane (176)78 
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 This compound was synthesized on a 1.64 mmol scale (of 1-phenylethanol) using the 
conditions described in Method G. The material retrieved was 0.490 g (94% yield), and was 
verified by 1H NMR. 1H NMR (250MHz, CDCl3) δ = 7.59-7.11 (m, 15H), 4.67 (t, 1H), 1.37 (d, 3 
H), 0.45 (s, 3H). 
• Allyl(1-indanyloxy)dimethylsilane (181) 
 This product was formed using the reaction conditions described in Method G. It was 
performed on a 1.86 mmol scale (of 1-indanol), and the isolated product yield was 0.2741g (63% 
yield). The product was then analyzed. 1H NMR (CDCl3) δ = 7.24 (m, 4H) 6.90 (m, 1H), 5.30 (t, 
1H), 5.05 (m, 2H), 3.05 (m, 1H), 2.80 (m, 1H), 2.41 (m, 1H), 2.01 (m, 1H), 1.75 (d, 2H, J=8.22), 
0.23 (s, 6H); 13C NMR (250 MHz, CDCl3): δ = 146.7, 144.2, 135.6, 129.4, 128.1, 126.3, 125.7, 
115.4, 37.9, 31.3, 26.5, -0.14; FT-IR (cm-1): 3074, 3026, 2693, 2851, 1630, 1459, 1357, 1254, 
1174, 1106, 878, 836, 795, 753; LRMS77: 221.5 (29), 207.4 (38), 133.3 (30), 117.4 (72). 
• Diphenyl(1-indanyloxy)methylsilane (182)79 
 This compound was synthesized on a 1.50 mmol scale (of 1-indanol) using the 
procedures described by Method G. The product yield was 0.394 g (80%). This was verified by 
proton NMR. 1H NMR (250 MHz, CDCl3) δ = 7.88-7.27 (m, 14H), 5.50 (t, 1H, J=7.31), 3.15 (m, 
1H), 2.86 (m, 1H), 2.43 (m, 1H), 2.15 (m, 1H) 0.87 (s, 3H). 
• (Allyldimethylsilanyloxy)phenylacetic acid ethyl ester (184) 
 This product was formed using the procedures indicated by Method G on a 1.66 mmol 
scale (of ethyl mandelate), and the product formed had a yield of 0.2736 g (60 %). The product 
was analyzed by NMR. 1H NMR (300MHz, CDCll3) δ = 7.51-7.33 (m, 5H), 5.80 (m, 1H) 5.27 
(s, 1H), 4.94 (m, 2H), 4.19 (m, 2H), 1.67 (d, 2H, J=8.07), 1.25 (t, 3H), 0.20 (s, 6H); 13C NMR 
(300 MHz, CDCl3) δ =  173.5, 140.5, 135.1, 129.8, 128.1, 115.6, 75.9, 62.7, 26.1, 15.7, -0.6; FT-
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IR (cm-1): 3076, 3032, 2972, 2904, 1754, 1630, 1454, 1256, 1177, 1126, 1028, 893, 839, 696; 
LRMS77: 237 (100), 207 (30), 164 (18), 75 (23). 
• (Methyldiphenylsilanoxyl)phenylacetic acid ethyl ester (185) 
 This compound was synthesized according to Method G. The reaction was run on a 1.11 
mmol scale (of ethyl mandelate). The isolated product had a yield of 0.2494 g (60 %), and was 
verified by characterization. 1H NMR (CDCl3) 7.40 (m, 15H), 5.30 (s, 1H), 4.10 (m, 2H), 1.17 (t, 
3H), 0.70 (s, 3H); 13C NMR (CDCl3) d 173.3, 140.3, 136.8, 131.6, 130.0, 129.8, 129.4, 128.2, 
76.2, 62.7, 15.6, 0.91; FT-IR (cm-1) 3069, 3048, 3000, 2979, 2903, 1752, 1589, 1428, 1256, 
1206, 1178, 1120, 1071, 1027, 881, 840, 793, 697; LRMS77 298 (44), 197 (57), 57 (100). 
• Allyldimethyl(1-methylheptyloxy)silane (187) 
 Using Method G, this was made on a 1.53 mmol scale (of 2-octanol). The product had a 
yield of 0.340 g (97%), and was then characterized. 1H NMR: (250MHz, CDCl3) d 6.85 (m, 1H), 
5.90 (m,2H), 4.79 (m, 1H), 1.64 (d, 2H), 1.28 (m, 10H), 1.12 (d, 3H), 0.892 (t, 3H,), 0.12 (s, 6H); 
13C NMR (CHCl3) δ 134.8, 113.9, 69.3, 40.0, 32.3, 29.7, 26.3, 25.5, 24.3, 23.0, 14.5, -1.4; FT-IR 
(cm-1) 2959, 2928, 2858, 1632, 1457, 1376, 1253, 1153, 1135, 1084, 1045, 991, 894, 836, 795; 
GC/MS: 228 (1), 213 (1), 187 (25), 143 (6), 115 (5), 119 (10), 75 (100).  
• Diphenylmethyl(1-methylheptyloxy)silane (188) 
 This compound was produced using the procedures of Method G. The reaction was run 
on a 1.53 mmol scale (of 2-octanol), and the isolated product had a yield of 0.3263 g (65%). The 
product was characterized by NMR. 1H NMR (CDCl3) d 7.60 (m, 10H), 3.89 (m, 1H), 1.17 (m, 
10H), 1.14 (d, 3H), 0.90 (t, 3H), 0.67 (s, 3H) 13C NMR (CDCl3) d 137.0, 134.6, 129.7, 127.9, 
69.6, 39.7, 32.0, 29.4, 25.7, 23.8, 22.8, 14.3, -2.1; FT-IR (cm-1)) 3096, 3049, 2958, 2928, 2857, 
1466, 1428, 1376, 1252, 1118, 1083, 1048, 997, 789, 736, 669; LRMS77 249, 197, 137, 73. 
Method H. General Procedure for Intramolecular Deoxygenative Alkylation Reactions  
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• 4-Phenylhexene (150)80 
 4-Phenylhexene (150) was synthesized by Method H as described herein. Under a 
nitrogen atmosphere, InCl3 (0.024 g, 0.110 mmol, 5 mol %) was added to a round bottomed flask 
equipped with a magnetic stir bar. A vacuum was applied to the flask to remove excess water or 
solvent, and the flask was then flushed with nitrogen. A rubber septum was sealed to the flask 
and a nitrogen containing balloon was attached. Via the septum, 3.5 mL of dry chloroform was 
added as well as allyldimethyl(1-phenylpropoxy)silane (0.5 g, 2.10 mmol). The flask was then 
attached to a reflux condenser, and was allowed to stir at 77oC for 5 hours, after which time the 
reaction was cooled to room temperature. 5 mL of water was added to the flask. The crude 
material was extracted three times with 25 mL of diethyl ether, and the combined organic layers 
were dried with MgSO4 and reduced by vacuum. The product was separated by flash 
chromatography on silica gel using hexane/ethyl acetate (98/2) as the eluent. The product, a clear 
liquid, was synthesized in a 47% (0.162 g) yield and was then verified by proton NMR. 1H NMR 
(250, MHz, CDCl3) δ = 7.32-7.16 (m, 5H), 5.72 (m, 1H), 4.96 (m, 2H), 2.56 (m, 1H), 2.40 (m, 
2H), 1.88-1.52 (m, 2H), 0.082 (t, 3H, J=7.31). 
Method I: General Procedure for Intermolecular Deoxygenative Alkylation Reactions  
• 4-Phenylhexene (150)80 
 4-Phenylhexene was also synthesized by Method I as described herein. Under a nitrogen 
atmosphere, InCl3 (0.013 g, 0.060 mmol, 5 mol %) was added to a round bottomed flask 
equipped with a magnetic stir bar. A vacuum was applied to the flask to remove excess water or 
solvent, and the flask was then flushed with nitrogen. A rubber septum was sealed to the flask 
and a nitrogen containing balloon was attached. Via the septum, 5 mL of dry DCM was added as 
well as diphenylmethyl(1-phenylpropoxy)silane (0.5 g, 2.10 mmol) and allyltrimethylsilane 
(0.137 g, 1.20 mmol). The reaction was allowed to stir at room temperature for 6 hours, after 
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which time 5 mL of water was added to the flask. The crude material was extracted three times 
with 25 mL of diethyl ether, and the combined organic layers were dried with MgSO4 and 
reduced by vacuum. The product was separated by flash chromatography on silica gel using 
hexane/ethyl acetate (98/2) as the eluent. The product was synthesized in a 77% (0.150 g) yield 
and was then verified by proton NMR. 1H NMR (250, MHz, CDCl3) δ = 7.32-7.16 (m, 5H), 5.72 
(m, 1H), 4.96 (m, 2H), 2.56 (m, 1H), 2.40 (m, 2H), 1.88-1.52 (m, 2H), 0.082 (t, 3H, J=7.31). 
• 4-Phenylpentene (140)76 
 This product was synthesized using Method H on a 1.27 mmol scale (of allyldimethyl(1-
phenylethoxy)silane). The product was retrieved as a clear liquid, and weighed 0.0257 g (14%). 
This was characterized by 1H NMR. 1H NMR (250 MHz, CDCl3) δ = 7.34-7.23 (m, 5H), 5.75 
(m, 1H), 5.02 (m, 2H), 2.83 (m, 1H), 2.40 (m, 2H), 1.30 (d, 3H). 
 The compound was also synthesized using Method I on a 1.26 mmol scale (of 
diphenylmethyl(1-phenylethoxy)silane). The product yield was 0.0848 g (47%), and was 
characterized by 1H NMR. 1H NMR (250 MHz, CDCl3) δ = 7.34-7.23 (m, 5H), 5.75 (m, 1H), 
5.02 (m, 2H), 2.83 (m, 1H), 2.40 (m, 2H), 1.30 (d, 3H). 
• 4,4-Diphenylbutene(141)81 
 This product was synthesized using Method H on a 0.708 mmol scale (of 
allylbenzyloxydimethylsilane) for a reaction time of 8 hours. The product was retrieved as a 
clear liquid, and weighed 0.1102 g (75%). 1H NMR (300 MHz, CDCl3) δ = 7.42-7.29 (m, 10H), 
5.84 (m, 1H), 5.13 (m, 2H), 4.16 (t, 1H, J=7.88), 2.94 (t, 2H). 
 The compound was also synthesized using Method I on a 0.526 mmol scale (of 
benzyloxydiphenylmethylsilane) using DCE as the solvent and at a reaction temperature of 80oC. 
The product yield was 0.053 g (55%), and was characterized by 1H NMR. 1H NMR (300 MHz, 
CDCl3) δ = 7.42-7.29 (m, 10H), 5.84 (m, 1H), 5.13 (m, 2H), 4.16 (t, 1H, J=7.88), 2.94 (t, 2H). 
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• Allylindan (190)82 
 This product was synthesized using Method H on a 0.705 mmol scale (of allyl(1-
indanyloxy)dimethylsilane). The product was retrieved as a clear liquid, and weighed 0.0867 g 
(75%). This was characterized by 1H NMR. 1H NMR (250 MHz, CDCl3) δ = 7.29 (m, 4H), 5.85 
(m, 1H), 4.96 (m, 2H), 2.94 (m, 1H), 2.90 (m, 1H), 2.70 (m, 1H), 2.45 (m, 1H), 2.30 (m, 2H) 
2.00 (m, 1H). 
 The compound was also synthesized using Method I on a 0.753 mmol scale (of 
diphenyl(1-indanyloxy)methylsilane). The amount of product found was 0.0512 g, which is 75% 
of the theoretical yield, and this was characterized by 1H NMR. 1H NMR (250 MHz, CDCl3) δ = 
7.29 (m, 4H), 5.85 (m, 1H), 4.96 (m, 2H), 2.94 (m, 1H), 2.90 (m, 1H), 2.70 (m, 1H), 2.45 (m, 
1H), 2.30 (m, 2H) 2.00 (m, 1H). 
Method J: General Procedure for the Reaction of Chlorosilanes with Grignard Reagents 
• Allyldiphenylsilane(152)83 
 Allyldiphenylsilane (152) was synthesized according to Method J as described below. 
Under a nitrogen atmosphere, 1 M solution of phenyl magnesium bromide in THF (9.07 g, 50 
mmol) was added to a flame-dried 3-necked flask fit with a reflux condenser and a magnetic stir 
bar. Allyldichlorosilane (2.35 g, 17.0 mmol) was added dropwise to the solution. This was 
allowed to stir for 50 hours, after which time 50 mL of ice water was added very slowly. This 
crude material was extracted twice with 75 mL of diethyl ether. The combined ether layers were 
then washed with three 25 mL portions of water. The organic layers were dried with MgSO4, and 
they were reduced under vacuum. The final product was separated by flash chromatography on a 
silica gel column using hexane as the eluent. Final yields were 3.28 g of alkylated material, an 
86% yield. This was verified by 1H NMR 1H NMR (250 MHz, CDCl3) δ = 7.71-7.46 (m, 10H), 
5.99 (m, 1H), 5.12 (s, 1H), 5.01 (m, 2H), 2.28 (m, 2H). 
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Method K: General Procedure for Chloronation of Hydrosilanes Using SOCl2 as the 
Chloronating Agent From Table 3.3 
 
• Allylbenzyldimethylsilane (159)84 
 
 Allylbenzyldimethylsilane (159) was synthesized according to Method K as described 
below. Under a nitrogen atmosphere, benzyldimethylsilane (0.30 g, 2.00 mmol) was added to a 
round bottomed flask equipped with a magnetic stir bar. Thionyl chloride (0.24 g, 2.0 mmol) was 
added to this as well as 3 mL dry DCM. The flask was fitted with a reflux condenser and heated 
to reflux temperatures for 5 hours. The flask was then cooled to room temperature, and removed 
from the condenser. A stream of nitrogen was applied to the flask until no more volume would 
reduce, and then a rubber septum was sealed to the flask and a nitrogen containing balloon was 
attached. Via the septum, a 1 M solution of allyl magnesium bromide in diethyl ether (0.786 g, 
5.41 mmol) was added dropwise. The reaction was allowed to stir at room temperature for 12 
hours, after which time 10 mL of water was added to the flask. The crude material was extracted 
three times with 25 mL of diethyl ether, and the combined organic layers were dried with MgSO4 
and reduced by vacuum. The product was separated by flash chromatography on silica gel using 
hexane as the eluent. The product, a clear liquid, was synthesized in a 10% (0.0204 g) yield and 
was then verified by 1H NMR. 1H NMR (250 MHz, CDCl3) δ = 7.25-7.00 (m, 5H), 5.77 (m, 1H), 
4.90 (m, 2H), 2.12 (s, 2H), 1.53 (d, 2H, J=8.13), 0.0 (s, 6H). 
Method L: General Procedure for Chloronation of Hydrosilanes Using CuCl2 as the 
Chloronating Agent From Table 3.3 85  
 
• Dimethylphenyldisiloxane (163)86 
 
 Dimethylphenyldisiloxane was synthesized as follows using Method L. Under a nitrogen 
atmosphere, dimethylphenylsilane (0.200 g, 1.47 mmol) was added to a round bottomed flask 
equipped with a magnetic stir bar and containing copper (II) dichloride (0.444 g, 3.30 mmol) and 
3 mL dry acetonitrile. The appearance of the solution was clear with orange/brown solid. The 
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flask was fitted with a reflux condenser and heated to reflux temperatures for 2 hours, after 
which the solution was clear with a white solid. The flask was then cooled to room temperature, 
and removed from the condenser. A stream of nitrogen was applied to the flask until no more 
volume would reduce, and then a rubber septum was sealed to the flask and a nitrogen containing 
balloon was attached. Via the septum, a 1.29 M solution of ethyl magnesium bromide in THF 
(0.975 g, 7.32 mmol) was added dropwise, at which time the solid turned black. The reaction 
was allowed to stir at room temperature for 12 hours, after which time 10 mL of water was added 
to the flask. The crude material was extracted three times with 25 mL of diethyl ether, and the 
combined organic layers were dried with MgSO4 and reduced by vacuum. The residue was 
separated by flash chromatography on silica gel using hexane as the eluent. The desired product 
from this reaction, dimethylethylphenylsilane, was not found. The only product found was a 
dimethylphenyldisiloxane, and it was synthesized in a 99% (0.416 g) yield and was then verified 
by 1H NMR. 1H NMR (250 MHz, CDCl3) δ = 7.66-7.37 (m, 10H), 0.40 (s, 12H). 
• Benzyldimethldisiloxane (160)87 
 This compound was synthesized using Method L with the addition of 
diisopropylethylamine as a base. It was reacted for 12 hours at room temperature, but no 
quenching agent was applied. The desired product was not found, however, and only 
benzyldimethyldisiloxane was recovered (1.47 g, 47%)  1H NMR (250 MHz, CHCl3) δ = 7.31-
7.02 (m, 10H), 2.12 (s, 4H), 0.04 (s, 12H). 
Method M: General Procedure for Chloronation of Hydrosilanes Using CuCl2/CuI as the 
Chloronating Agent From Table 3.3 85 
 
• Dimethylphenyldisiloxane (163)86 
 
 Dimethylphenyldisiloxane (163) was also synthesized by Method M as described below. 
Under a nitrogen atmosphere, dimethylphenylsilane (0.25 g, 1.83 mmol) was added to a round 
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bottomed flask containing a magnetic stir bar, copper (II) dichloride (0.490 g, 3.70 mmol), and 
copper iodide (0.0087 g, 0.046 mmol) as well as 7 mL dry diethyl ether. The flask allowed to stir 
at room temperature for 13 hours. The solution was removed from the solid using a syringe 
needle through the septum and placed in another, flame-dried flask which was capped with a 
rubber septum, contained a magnetic stir bar, and attached to a nitrogen balloon. A 0.60 M 
solution of ethyl magnesium bromide in THF (1.22 g, 9.17 mmol) was added dropwise at 0oC. 
The reaction was allowed to stir at room temperature for 12 hours, after which time 10 mL of 
water was added to the flask. The crude material was extracted three times with 25 mL of diethyl 
ether, and the combined organic layers were dried with MgSO4 and reduced by vacuum. The 
residue was separated by flash chromatography on silica gel using hexane as the eluent. The 
desired product from this reaction, dimethylethylphenylsilane, was not found. The only product 
found was a dimethylphenyldisiloxane, and it was synthesized in a 99% (0.519 g) yield and was 
then verified by 1H NMR. 1H NMR (250 MHz, CDCl3) δ = 7.66-7.37 (m, 10H), 0.40 (s, 12H). 
Method N: General Procedure for Chloronation of Hydrosilanes Using Pd(OAc)2/AllylCl as 
the Chloronating Agent From Table 3.385 
 
• Dimethylethylphenylsilane (164)88 
 Dimethylethylphenylsilane (164) was synthesized according to Method N, as described 
herein. To a two-necked flame-dried round bottomed flask containing a magnetic stir bar and 
attached to a reflux condenser, allylchloride (0.80 g, 10.1 mmol) and palladium (II) acetate 
(0.0005g, 0.002 mmol) was added, at which point the solution became yellow. The second neck 
of the flask was closed with a rubber septum. This mixture was heated to 40oC for 1 hour. 
Dimethylphenylsilane (1.15 g, 8.50 mmol) was added dropwise. The mixture was heated to 50oC 
and allowed to stir for 3 hours, after which the flask was cooled to room temperature and the 
solution was a clear liquid with a black solid along the walls of the flask. The flask was then 
 
 76 
attached to fractional distillation apparatus and heated to 90oC, to distill any excess allyl chloride 
off of the reaction. The liquid phase was removed from the two-necked flask using a syringe 
needle through the septum. This organic liquid was added to another flame-dried flask containing 
a magnetic stir bar and a 1.90 M ethyl magnesium bromide solution in diethyl ether (4.49 g, 33.7 
mmol). The reaction was allowed to stir at room temperature for 12 hours, after which time 15 
mL of water was added to the flask. The crude material was extracted three times with 50 mL of 
diethyl ether, and the combined organic layers were dried with MgSO4 and reduced by vacuum. 
The residue was separated by flash chromatography on silica gel using hexane as the eluent. The 
desired product from this reaction, dimethylethylphenylsilane, was found in a 50% (0.679 g) 
yield and was then verified by 1H NMR. 1H NMR (250 MHz, CDCl3) δ = 7.48-7.32 (m, 5H), 
0.94 (t, 3H, J=7.310), 0.74 (q, 2H), 0.24 (s, 6H). 
• Benzyloxydimethylphenylsilane (165) 
 This product was synthesized as described in Method N on a 7.34 mmol scale (of 
dimethylphenylsilane). The quenching agent used was a solution of benzhydrol (1.13 g, 6.12 
mmol) and imidazole (1.04 g, 15.30 mmol) in 3.0 mL DMF. The product was synthesized with a 
yield of 40% (0.935 g). This commercially available product was verified by NMR. 1H NMR 
(250 MHz, CDCl3) δ = 7.52-7.26 (m, 15H), 5.76 (s, 1H), 0.0.32 (s, 6H). 
• Diallyldiphenylsilane (166)83 
 This product was synthesized as described in Method N on a 2.67 mmol scale (of 
diphenylallylsilane). The quenching agent used was a 1M solution of allyl magnesium bromide 
in diethyl ether (1.55 g, 10.68 mmol). The product was found in a 60 % yield (0.424 g) and was 
verified by NMR. 1H NMR (250 MHz, CDCl3) 7.47-7.69 (m, 10H), 5.83 (m, 2H), 4.91 (m, 4H), 
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